Nowadays metal bioaccumulation in holothuroids is increasing and is a cause of worry owing to toxicity. In the present study the concentrations of mercury (Hg) were measured in holothuroids (Holothuria (Thymiosycia) arenicola Semper, 1868, Holothuria (Lessonothuria) pardalis Selenka, 1867, Holothuria (Lessonothuria) verrucosa Selenka, 1867 and Holothuria (Halodeima) atra Jaeger, 1833) collected during different seasons (pre-monsoon, monsoon, and post-monsoon) in 2015 at Buleji and Sunehri coasts of Karachi, Pakistan. Hg concentrations of tentacles were higher than those in muscle, tentacle and gut tissues of the pre-monsoon, monsoon and post-monsoon. The lowest Hg concentrations were found in muscle tissues at all seasons in Buleji and Sunehri coasts. The mean levels in the muscle tissues were 0.018 mg/kg dry wt. for H. arenicola, 0.024 mg/kg dry wt. for H. verrucosa, 0.026 mg/kg dry wt. for H. pardalis and 0.036 mg/kg dry wt. for H. Atra. The results indicate that according to the European Union legislation the Hg amounts in all tissues of holothurians is much lower than permitted levels. In terms of Estimated Weekly Intakes, this current work also proved that there was no likely health hazard to consumers on account of intake of sea cucumbers under the current consumption rate in Buleji and Sunehri coasts of Karachi, Arabian Sea.
Introduction
In terms of industry Karachi in Pakistan is the most important city where its coastal water is contaminated with domestic and industrial effluent. Karachi coast is impacted principally by human activities including shipyards, industrial factories, touristic and fishing activities. Therefore research on metal pollution in Karachi coasts has been increased during the recent years. Most studies have dealt with metal concentration in fish (Ahmed et al., 2014 (Ahmed et al., , 2015 Ahmed and Bat, 2015a,b,c,d; Ahmed and Bat, 2016a,b; Ahmed et al, 2017a ) and very few study concern the holothuroids (Ahmed et al, 2017b) in Karachi coasts of the Arabian Sea. Marine organisms, especially benthic invertebrates have the ability to absorb metals from their living environment. Because of the ecological importance of holothuroids and their potential as bio-indicators, recently they are used to study heavy metal pollution. They are deposit-feeder ingesting surface sediments and feeding on detritus and associated microorganisms and well distributed in the Northern Arabian Sea (WoRMS Editorial Board, 2018) . Sea cucumbers also were accepted as biomonitor organisms (Warnau et al., 2006) .
Heavy metals are considered the important chemicals in marine environments, and since they are not biodegradable, they can accumulate at the top of the food chain. Many inorganic elements that are non-essential for people enter the diet via seafood. Indeed, most of them are present in aquatic environment, usually in trace amounts that may be toxic under certain conditions. One of the most important non-essential inorganic elements in seafood that have no known or accepted biological function in organisms is mercury. Hg is very toxic metal and its harmful effects are well documented. Most inorganic Hg compounds are toxic, but organic Hg compounds, formed when Hg compounds combine with certain organic molecules, are even more so. These organic Hg compounds are soluble in fat, which means they accumulate easily in the body and so penetrate readily into the nerves and brain. Hg occurs naturally in marine environment and can also be released into the air thanks to industrial pollution. It vapour is easily transported in the atmosphere and falls from the air and can pile up in the aquatic environment .
Seafood is a good source of nutrition. It is high in protein, vitamin B and good fatty acids as omega 3. The health benefits of eating seafood outweigh the potential risks. Hg is a contaminant that can be found in edible tissues. Hg amounts differ from coasts to other coasts and may be owing to human activities or to natural causes. Hg poisoning is generally counted as the maximum extensive environmental health threat and its absorption may constitute a serious risk to human health. It is well known that in Minimata, Japan, hundreds people died or became very heavily sick mostly from nervous system damage from eating seafood from coastal waters that were seriously contaminated with Hg from local industrial discharge.
Sea cucumbers are a pretty appraised as food in the very Asian countries. They are traditionally eaten up raw, dried, boiled (Özer et al., 2004) , soups and salads (Jinadasa et al., 2014) as food for human consumption. Moreover they are considered to be a high medical value (Jinadasa et al., 2014) . The current study aims to determine the concentrations of mercury (Hg) in muscle, tentacle and gut tissues of holothuroids Holothuria (Thymiosycia) arenicola Semper, 1868, Holothuria (Lessonothuria) pardalis Selenka, 1867, Holothuria (Lessonothuria) verrucosa Selenka, 1867 and Holothuria (Halodeima) atra Jaeger, 1833 collected during different seasons (pre-monsoon, monsoon, post-monsoon) in 2015 at Buleji and Sunehri coasts of Karachi, Pakistan to compare the results with those obtained in international regulations and to assess the potential health risk for consumers based on their intake.
Materials and Methods
A total of 144 specimens namely H. arenicola, H. pardalis, H. verrucosa and H. atra (6 individuals in each species and 6 individuals each season) were collected from Buleji and Sunehri coasts of Karachi in 2015 ( Figure 1 ). After collection, individuals were put in seawater from the sampling stations and transferred to the laboratory. The muscle, tentacle and gut tissues of holothuroids were then separated carefully (modified from Bernhard 1976; UNEP 1984 and 1985) . 5 grams of muscles, whole tentacles and whole gut of each sea cucumber samples were placed into the crucibles and were dried in furnace at 600ºC temperature for 3 hours and then dry ash were weighted in digital balance. These ashes were digested in the flasks containing 10 ml of concentrated HCl. When the digestions were completed, the solutions were cooled to ambient temperature and the digest was filtered and made up to 100 ml in a volumetric flask using ultrapure water as the diluent. The analysis for total mercury was performed on Mercury Hydride system (cold vapor Technique) Atomic Absorption Spectrometer. The AA Analyst 700 atomic absorption spectrometer with 253.7 wavelengths was used to determine Hg concentration. Detection limit was 2 ng Hg (0.00004 mg/L in a 50 mL sample). 
Intake Levels Calculation
The weekly intake amounts were calculated using the highest Hg concentration in sea cucumbers EWI (Estimated Weekly Intakes) = the highest concentration of Hg (mg/kg) multiplied by holothuroids consumption (kg/70 kg body wt. /week).
Statistical Analysis
Mean values of residues of Hg among sample locations of the holothuroids were compared using one-way analysis of variance (ANOVA) following Tukey post hoc comparisons (Zar, 1984) . P-values less than 0.05 were considered significant. All analysis was carried out using the SPSS, version 21 and Excel 2010 to analyses the influence of pre-monsoon, monsoon and post-monsoon. All values were being expressed on mg/kg dry wt. basis.
Results and Discussion
The concentrations of Hg in muscle, tentacles and gut samples of the holothuroids are presented in Figures 2-5 . Hg concentrations of tentacles were higher than those in muscle, tentacle and gut tissues of the pre-monsoon, monsoon and post-monsoon as the differences were significant (P˂0.05), except in H. verrucosa from Buleji coasts in premonsoon as the difference was not significant (P>0.05). The mean Hg levels in tentacles of H. verrucosa, H. arenicola, H. atra and H. pardalis were 0.077, 0.126, 0.127 and 0.170 mg / kg dry wt., respectively. However the mean Hg levels in gut of H. verrucosa, H. arenicola, H. atra and H. pardalis were 0.047, 0.029, 0.059 and 0.049 mg / kg dry wt., respectively. The lowest Hg concentrations were found in muscle tissues at all seasons in Buleji and Sunehri coasts. The concentrations of Hg also showed significant differences according to the sampling stations. The highest Hg concentrations in gut of H. arenicola and H. pardalis were usually observed in pre-monsoon and monsoon at Sunehri coasts. Hg levels were not constant in muscle, tentacle and gut tissues during pre-monsoon, monsoon and post-monsoon at both Buleji and Sunehri coasts. The sampling stations with the highest and lowest Hg levels varied according to the sampling periods and tissues. Union, 2014) . Since our results were given in dry wt., mean concentrations of Hg converted to wet wt. dividing by 8.0 as factor. It was calculated that overall means of Hg in muscle tissues were between 4.4 and 9 times lower than EQS value (0.02 mg/kg wet wt.).
In the literature, Hg levels in the tissues of the holothuroids vary considerably among different studies. The obtained data illustrated that mean Hg accumulation in H. atra that is similar to Jinadasa et al. (2014) who found that the mean concentration was 0.031 (±0.013) mg /kg dry wt. from North-Western Sea of Sri Lanka. The study of Jinadasa et al. (2014) from North-Western Sea of Sri Lanka indicated that Hg levels in ten Holothurians species ranged from 0.025 to 0.446 mg /kg dry wt., which is higher than those in the values detected in our study.
Holothuroids are deposit-feeders and live in close association with sediment, and feeds mainly detrital particles and associated microorganisms (WoRMS Editorial Board, 2018) . Many studies 2017; indicated that heavy metals including Hg tend to accumulate in sediment. It is surprising that H. arenicola, H. pardalis, H. verrucosa and H. atra, which are benthic species and are associated with sediment, did not show the high levels of Hg. These results confirm that the both Buleji and Sunehri coasts of Karachi are not seriously contaminated with Hg. Slight differences in Hg levels in these holothuroids could considerably be attributed to the differences in seasons. It may be suggested that seasonal changes play basic and significant role in the control of Hg accumulation.
Hg is a non-essential element that can be toxic and carcinogenic at even low concentration and is known has no role in biological processes in living organisms. The European Food Safety Authority's revised the provisional tolerable weekly intake (PTWI) of inorganic Hg and set a PTWI of 0.004 mg/kg body wt. applies to seafood (EFSA, 2012) . Special attention to well-being hazard, the permissible weekly intakes was computed by means of references for edible tissues of sea cucumbers eaten up by public. Pursuant to Food and Agriculture Organization (FAO) counts of seafood consumption in Pakistan remarked that the adult person eats the mean daily seafood consumption in Pakistan is 5 g per person (FAO, 2010) , which is well-matched to 35 g/week. The tolerable weekly intake of elements as PTWI (Provisional Tolerable Weekly Intake), are set by the Food and Agriculture Organization/World Health Organization (FAO/WHO) Joint Expert Committee on Food Additives (JECFA). PTWI is the greatest of a pollutant to which a person can be exposed per week over a lifetime without an unacceptable risk of health effects (WHO, 1989 and 1996) . Estimated Weekly Intake (EWI) and Estimated Daily Intake (EDI) for a 70 kg body weight of an adult person on basis of the current work outcomes were given in Table 1 . From the people health point of sight, this current work proved that there was no likely health hazard to consumers on account of intake of sea cucumbers under the current consumption rate in Buleji and Sunehri coasts of Karachi, Arabian Sea.
Hg is consistent element in the marine ecosystem giving rise to grave disease in biota and human. Sources of Hg for marine water include atmospheric deposition, straight and via runoff, as well as direct discharges into seashores. Much of the Hg added to marine ecosystem accumulates in sediments where it has a risk to benthic biota and to people via consumption of these species. Sea cucumbers are much consumed seafood in the Asian countries (Özer et al., 2004) , and they are good biomonitors for measurement the impacts of different environmental chemicals on marine ecosystem. However results of current work revealed that Hg amounts in the edible tissues were below the highest tolerable limits.
Conclusions
The outcomes of the current work are not detected health risk for the human population through seafood consumption. Hg in muscles of holothuroids are much lower than the maximum permissible limit (0.5 mg/kg wet wt.) set by the International Food Codex. Further investigates are needed to adequately evaluate mean amounts and the variability of Hg and other toxic elements in Pakistan food. It is also needed to determine the toxicological effects of non-essential metals on these congeners. Furthermore, the Hg also toxic a lifespan cancer risk to consumers of seafood collected from the Arabian Sea. Thus, continuous monitoring of heavy metal pollutants is needed to mitigate the impact of these contaminants on people health and the marine ecosystem.
